The purposes of this study of airport workers were to a) determine the prevalence and symptoms of hearing loss, and b) identify compliance in using hearing protective devices (HPDs) and its relationship with hearing loss. This cross sectional epidemiological study was conducted with 255 noise exposed and 195 non-noise exposed, full time, male workers at a large metropolitan airport in Seoul, Korea. The three measures used were the self administered Occupational Hearing Questionnaire (OHQ), an audiological assessment, and a record review of baseline hearing and noise levels of locations in which the employee worked. The results showed a significant difference in prevalence of hearing loss (more than 25dB) between the noise and the non-noise exposed groups (p < .05). About 60.8% of noise exposed workers reported continuous use of the HPDs. The continuous HPD users had significantly lower rates of hearing loss than the occasional users or non-users. The major symptom for workers with low frequency hearing loss was trouble in communication, whereas tinnitus and fullness in the ear were the most common symptoms for the workers with high frequency hearing loss. The airport workers exposed to excessive noise had a great deal of high frequency hearing loss. The degree of hearing loss present reinforces the need for aggressive hearing conservation programs among airport workers exposed to noise.
A6stract
The purposes of this study of airport workers were to a) determine the prevalence and symptoms of hearing loss, and b) identify compliance in using hearing protective devices (HPDs) and its relationship with hearing loss. This cross sectional epidemiological study was conducted with 255 noise exposed and 195 non-noise exposed, full time, male workers at a large metropolitan airport in Seoul, Korea. The three measures used were the self administered Occupational Hearing Questionnaire (OHQ), an audiological assessment, and a record review of baseline hearing and noise levels of locations in which the employee worked. The results showed a significant difference in prevalence of hearing loss (more than 25dB) between the noise and the non-noise exposed groups (p < .05). About 60.8% of noise exposed workers reported continuous use of the HPDs. The continuous HPD users had significantly lower rates of hearing ABOUT THE AUTHORS: Dr. Hong is Post-doctoral Fellow, School of Nursing, University of Michigan, Ann Arbor, MI. Dr. Chen is Professor, and Dr. Conrad is Associate Professor and Director of Occupational Health Nursing Program, College of Nursing, University of Illinois at Chicago. FEBRUARY 1998, VOL. 46, NO.2 loss than the occasional users or non-users. The major symptom for workers with low frequency hearing loss was trouble in communication, whereas tinnitus and fullness in the ear were the most common symptoms for the workers with high frequency hearing loss. The airport workers exposed to excessive noise had a great deal of high frequency hearing loss. The degree of hearing loss present reinforces the need for aggressive hearing conservation programs among airport workers exposed to noise.
N oise induced hearing loss (NlliL) is the most common occupational disease in the United "States, with more than 30 million workers exposed to high noise (National Institute for Occupational Safety and Health [NIOSH], 1996) . In Korea, xnn, is the second most prevalent occupational health problem after occupationallung disease (Korean Occupational Health Association, 1990) . Thus, occupational exposure to noise is a concern for many occupational health nurses.
The occupational risk of NIHL in industries that expose workers to continuous high levels of noise is well established (Kryter, 1985) . As the aviation industry grew, an association was demonstrated between hearing loss and some occupations where personnel worked in the presence of noise generated by aircraft. Many studies have evaluated the effect of aircraft noise on hearing in aviators (Fitzpatrick, 1988; Thomas, 1988; Van Deelen, 1990) . Besides aviators , field workers at the airport also are exposed to noise generated by the aircraft and heavy machinery. The literature is sparse in describing a relationship between occupational noise exposure and hearing loss among airport workers (Chen, 1992; Merluzzi, 1988; Tubbs, 1991) . In Korea, no literature exists describing occupational noise exposure and hearing loss in employees working at commercial airports . 68 Chen (1992) investigated the effect of aircraft noise on hearing and auditory pathway function. The results of audiograms revealed 42% of workers had high frequency hearing loss. The primary cause of auditory damage was the amount of high frequency aircraft noise exposure. The degree of auditory damage coincided with job patterns. The incidence of NIHL was highest in the groups of maintenance workers (65.2%) and firemen (55.0%), who were almost continuously exposed to aircraft noise when airplanes were landing or taking off. The typical audiogram pattern of NIHL was a V-shaped notch at 3 or 4 kHz and moderate hearing loss in the frequency range of 6 to 8 kHz.
The National Institute for Occupational Safety and Health (NIOSH) investigated the effects of aircraft noise on hearing with fire fighters assigned to two fire stations serving an international airport (Tubbs, 1991) . Audiometric results showed that fire fighters exhibited a characteristic noise induced permanent threshold shift. The hearing loss was related to the amount of time the fire fighter had been on the job with decreasing hearing ability as a function of years of service.
METHODS
This study used a cross sectional design by administering a questionnaire to field workers at the Kim Po International Airport in Seoul, Korea in 1995.
Sample
Subjects included in this study were: • Exposed to <75 dBA (the non-noise group) or >85 dBA (the noise group) for 8 hour time weighted average (TWA) in the workplace. • Otologically normal (free from all signs or symptoms of ear disease). • Showed no hearing loss on the baseline audiogram. • Full time male employees who worked a minimum of 40 hours per week. The following conditions were excluded from the study: • Part time workers and female workers because the relativelysmall number of them were concentratedin certain low noise work areas such as cleaning inside of aircraft and cooking or washing dishes in the catering center. • Workers exposed to 75-85 dBA 8 hour TWA. • Workers having otoscopic signs of middle ear disorders or current symptoms of ear disease. • Subjects who showed an apparent hearing loss, a hearing threshold level (HTL) exceeding 25 dB at any test frequency, on the baseline audiogram. • Subjects who had not been out of the working environment for at least 14 hours or had not used the hearing protective devices (HPDs) prior to taking the audiometric test for this study. Those workers might show temporary threshold shifts (TIS). A total of 6093 field workers were employed by a major civilian airline in Korea in 1994. The noise group was defined as workers exposed to >85 dBA 8 hour TWA, considered potentially damaging to hearing. All 328 workers exposed to levels >85 dBA were included in the noise group, if they met all the inclusion criteria for this study (See Table 1 ). The non-noise group included workers exposed to <75 elBA 8 hour TWA. The company personnel department list contained 21 work locations and 2011 workers in this category. A number was given consecutively to each worker from the first to the last. To include a comparable number of workers in the non-noise group as in the noise group, a systematic sample of every sixth worker was taken resulting in a sample of 335 non-noise exposed workers. The 3754 workers exposed to between 75 and 85 elBA 8 hour TWA were excluded from the study (see Table 1 ).
The response rates for completing the questionnaire were 86% (282/328) and 67% (225/335) for the noise and the non-noise groups, respectively. The overall response rate was 76.5 % (507/663). Of the original 507 participants , 57 (27 of the noise and 30 of the non-noise groups) were not included in the final sample because they did not meet the inclusion criteria of the study. These included 31 workers who had poor baseline hearing; 17 female workers; 6 workers who had exposure to loud noise before the hearing test; and 3 workers who were under treatment for otitis media. Hence, the final sample for the noise and the nonnoise groups was 255 and 195, respectively (see Table 1 ).
Non-respondents included 14% (46/328) of the noise and 33% (110/335) of the non-noise groups . Over 90% of the non-respondents claimed that the reason they did not participate in the study was because they were too busy. Baseline information about the participants and nonrespondents were compared and no differences were found between the two groups for age, noise exposure level, and years of noise exposure.
Data Collect/on Instruments and Procedures
Data were collected using the Occupational Hearing Questionnaire (OHQ), an audiological assessment, and a record review of baseline hearing acuity and workplace noise level. The OHQ, a self administered instrument, was developed by the investigator.
The OHQ consists of two parts. Part 1 covers demographic items, occupational and non-occupational noise FEBRUARY 1998, VOL. 46, NO.2 exposure, previous military experience, medical and otological history, head injury, use of ototoxic drugs such as mycin, quinine, and aspirin, family history of hearing loss, subjective appraisal of hearing, cigarette smoking pattern, hearing protective devices (HPDs) use , typical reasons for not wearing the HPDs, and subjective symptoms to present noise exposure. Part 2 includes otoscopic findings, noise exposure level, and audiometric data about the subject. Parts 1 and 2 were completed by the subject and the health professionals, respectively.
Three experts reviewed the OHQ for clarity and accuracy. The three experts were selected based on practice expertise, including a faculty member in Audiology and Hearing Science, a faculty member in Occupational Medicine, and a medical director of an occupational health program in the airline industry. A clarity assessment was performed on 18 items to determine readabilityand whether a single message was being conveyed. The rater agreement for clarity on each item and for overall agreement was 100% . The same three experts rated the relevance of each item to the study variable. Agreement for relevancy was 100% for all 18 items .
The OHQ was translated into Korean using four bilingual translators who spoke English and Korean. A pilot study was conducted with a convenience sample of 20 airport workers to determine clarity of the items for the participants and to determine reliability of the Korean version OHQ. None of the respondents in the pilot study rated any of the items as unclear. Test-retest reliability, correlation between two administrations of the same questionnaire, was obtained within a period of 2 weeks after the first administration (r = .97, p < .001).
Audiological assessment included an otoscopic examination and audiometric testing. A brief otoscopic examination of the aural and ear drum was performed by the air-. line company physician. The hearing test was conducted for both ears at frequencies 0.5, 1, 2, 3,4, 6, and 8 kHz, using the Tracor RA600 microprocessor pure-tone audiometer. The audiometer was calibrated according to the American National Standards Institute (ANSI) S3. 6-1969 6- standard (ANSI, 1969 . Audiometric testing was per- formed in the double walled audiometric booth that conformed to the ANSI criteria for ambient noise in audiometric rooms (ANSI, 1977) . TDH-50 earphones were used. To minimize contamination of hearing loss by temporary threshold shift, workers were instructed to have a period of at least 14 quiet hours without noise exposure or to wear the HPDs at least on the day of examination . Audiometric tests were administered by nurses trained in proper audiometric technique through hearing conservation training. The values of the preplacement baseline hearing test and current daily 8 hour TWA noise exposure level for the each subject were obtained through a record review by two trained research assistants.
Inter-rater reliability for record review of the baseline hearing test data and noise exposure level for each worker was assessed between two trained research assistants, using percentage of agreement. For the pilot study, the names of 20 subjects from the samples were given to two research assistants, who reviewed subjects ' records independently. The record review result s revealed that 3 out of 20 subjects did not have baseline hearing information. Thus, the record reviews for the remaining 17 workers were compared between the two reviewers, with 99% agreement.
The daily 8 hour TWA noise exposure for each subject was assessed by both sound level meters and personal noise dosimetry. The sound level meter was cali-70 brated using sound level calibrator. Acoustic calibration of dosimeters were performed before and after each 8 hour sampling period.
Data Analysis
The prevalence of total hearing loss without any age adjustment was used to measure the real hearing status of high noise exposed airport employees. Hearing loss at low and high frequencies was assessed separately. The prevalence of low frequency hearing loss was determined based on the combination of audiometric frequencies: PTA LF (0.5,1,2), Pure-Tone Average HTLs for Low Frequencies of 0.5, 1, and 2 kHz. The American Academy of Ophthalmology and Otolaryngology (AAOO, 1959) formula for figuring the amount of hearing impairment averages the three pure tone frequencie s of 0.5, 1, and 2 kHz for both ears. This criterion is intended to determine the amount of impairment in speech perception and communication abilities. Because a major concern with NIHL is its effect on the perception of speech in everyday listening situations, this indicator was used to measure hearing impairment among airport workers.
For determining the prevalence of high frequency hearing loss, Pure-Tone Average HTLs for High Frequencies of 3, 4, and 6 kHz [PTA HF(3,4,6)] were used. This combination has been proposed by the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS, 1983). PTA HF (3,4,6) is an early indicator of NIHL and averages HTLs at 3, 4, and 6 kHz. It is the most sensitive indication of the sensorineural effects on the ear from noise because of the propensity of hearing at these frequencies to deteriorate earlier when exposed to loud noise (Kryter, 1985) . The extent of hearing loss, then, was assessed using the grading system proposed by the WHO (l986b):
• <25 dB (normal).
• 25-40 dB (slight).
• 41-60 (moderate).
• 61-80 dB (severe).
• >80 dB (extreme).
RESULTS

Characteristics of the Sample
Demographic and work characteristics for the noise (N = 255) and the non-noise groups (N = 195) are summarized in Table 2 . Significant differences between the two groups were found for noise exposure level, t (448) = 74.21,p < .001; years of noise exposure, t(448) = 18.3, p < .001; and age, t(448)=1.99,p < .05.
In addition to these risk factors for hearing loss, there were two significant differences between the two groups: duration of working at the airport, t(448) = 3.49, p < .001; and education level, Xl (2, N = 450) = 210.7, p < .001. In general, the workers in the noise group were more likely to be older, had worked slightly longer at the airport, and were less likely to have a college education or above than the workers in the non-noise group. The noise and the non-noise groups did not differ in relation FEBRUARY 1998, VOL. 46, NO.2 to other hearing loss risks such as non-occupational noise exposure, ototoxic drug use, family history of hearing loss, and history of ear disease ( Table 2) .
Prevalence of Hearing Loss
The distribution of hearing loss in both groups is presented in Table 3 . The noise exposed group had a greater prevalence of hearing loss for both low and high frequencies compared with the non-noise group. The difference in prevalence between the two groups was much larger for high-frequency hearing loss. For high frequencies, it was determined that 49.4% of the noise group had hearing loss as compared with 6.7% of the non-noise group. The Mantel-Haenszel chi-square test showed significant differences between the noise and the non-noise groups in the prevalence of high frequency hearing loss, Xl(l, N = 450)= 94.4,p < .001. Slight hearing loss was the most common type of hearing loss accounting for 25.1% in the noise and 6.7% in the non-noise groups. Extreme hearing loss was the least frequent type (0.8%) and was encountered only in the noise group.
For both groups, the prevalence of low frequency hearing was much lower than that for high frequency loss. Less than 7% and 1% of the noise and the non-noise groups, respectively, had slight hearing loss at low frequencies. Significant difference was found between the noise and the non-noise groups in the prevalence of low frequency hearing loss, Xl(I, N = 450) = 16.6,p < .001.
Workers in the noise group had an increased risk for both high (odds ratio [OR] = 13.7, 95% confidence interval [CI] 7.4-25.3) and low (OR = 20.2, 95% CI 2.7-150.3) frequency hearing loss. Thus, when compared with the non-noise group, the noise group was at greater risk for low as well as high frequency hearing loss.
Use of Hearing Protective Devices (HPDs)
HPD use was required among workers in the noise group. About 60.8% (155/255) of noise-exposed workers reported continuous use of the HPDs, while 28.6% (73/255) and 10.6% (27/255) of workers occasionally and never used the HPDs, respectively. The occasional and non-users reported several reasons for noncompliance for HPD use. Among the common reasons were disturbing communication (33.7%), discomfort (29.4%), and accustomed to the noise (24.3%). Only seven workers (2.7%) complained that the HPDs were not provided by the employer.
The continuous HPD users had significantly lower rates of hearing loss for both low and high frequencies than the occasional or non-users. For high frequencies, it was determined that 36.8% (57/155) of the continuous HPD users showed hearing loss as compared with 69% (69/100) of the occasional or non-users, X2(1, N = 255) = 25.2, p < .001. A significant difference existed between the continuous users and the occasional or nonusers in prevalence of low frequency hearing loss X2( I, N = 255) = 11.1, p < .001; 4.5% (7/155) and 17.0% (17/100) for the continuous users and the occasional or non-users, respectively. Table 4 shows symptoms related to hearing loss in both groups. One hundred ninety-six (76.8%) noise exposed workers reported they had experienced several symptoms related to noise exposure. Most of them (92.9%) reported they had multiple symptoms.
Symptoms of Hearing Loss
The most frequently experienced symptom in the noise group was tinnitus (32.2%) followed by noise in the ears (21.2%), headache (20.0%), and fullness in ears (17.6%). In the non-noise group, 35 (17.9%) of those with increased hearing thresholds (>25 dB) also complained of those symptoms. The most frequent symptom reported by workers in the non-noise group was tinnitus (6.7%) followed by noise in the ears (5.1%) and trouble understanding speech (4.6 %).
Among workers with hearing loss (>25 dB) in either low (0.5-2 kHz) or high frequencies (3-6 kHz), tinnitus (42%) and fullness in ears (40%) were the most common symptoms followed by speaking loudly (30%). The major symptom for workers with low frequency hearing loss was trouble in communication, whereas tinnitus was the major symptom for workers with high frequency hearing loss. About half (52.2%) of the workers with low frequency hearing loss complained of having difficulty in understanding speech. The remaining workers did not complain of any hearing difficulty despite the presence of hearing impairment at speech frequencies (0.5 to 2 kHz) as shown by their audiograms. Surprisingly, only 35% of workers with hearing loss indicated they believed they had a hearing problem. About 5% of those with normal hearing reported having a hearing problem.
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DISCUSSION
As expected, the prevalence of hearing loss was greater in noise exposed workers than in non-noise exposed workers. Using a criterion for hearing loss, the arithmetic mean at the low frequencies (0.5-2 Hz) exceeding 25 dB for both ears combined, the study found low frequency hearing loss in 9.4% and 0.5% of the noise and the non-noise groups, respectively. The hearing loss in a high frequency range (3-6 kHz) was found in 49.4% of the noise group as compared with 6.7% of the non-noise groups, with a criterion of >25 dB for [PTA HF (3,4,6) ]. The prevalence of hearing loss in high frequencies of 3 to 6 kHz was significantly higher than for low frequencies between 0.5 and 2 kHz.
The results from the present investigation are consistent with reports that NIHL presents initially with deficits in the high-frequency range of 3 to 6 kHz, while the primary speech frequencies (0.5-2 kHz) are normal (NIH, 1990; Orgler, 1987) . Typically, there is far more initial loss at 3, 4, and 6 kHz than 0.5, I, and 2 kHz. The higher and lower frequencies take longer to be affected than the 3 to 6 kHz range. Hence, NIHL does not interfere markedly with the reception of everyday conversation and the loss is hardly noticed in its early stage (NIH, 1990; Orgler, 1987) .
Although human speech primarily involves the midfrequencies of 0.5 to 2 kHz, these higher frequencies also must be heard for satisfactory speech recognition. Excessive noise exposure causes hearing loss in the higher frequencies of 3 to 6 kHz. However, continued unprotected exposure leads to greater losses in the high frequencies, and also to the deterioration of hearing loss at lower frequencies (NIH, 1990; WHO, 1986a) . The findings of the present study are consistent with these characteristics of NIHL.
The study also showed that all workers with low frequency hearing loss showed high frequency hearing loss as well, whereas only 18% of workers with high frequency hearing loss had low frequency hearing loss. Therefore, high frequency hearing loss could be used as an indication of susceptibility to effects of noise and the likelihood of progression of loss to lower frequencies.
Using the WHO (1986b) classification, slight bilateral hearing impairment is the most common type of hearing loss and accounts for 7.0% of low frequency hearing loss and 25.1 % of high frequency hearing loss in the noise group. For high frequencies, about 24% of the noise exposed workers had a moderate or severe hearing loss. This finding is consistent with the WHO report (1986b), which indicates that it is common to find 25% or more of workers exposed to noise have a moderate or severe occupational hearing impairment.
This study revealed that 60.8% workers regularly used HPDs. Compared with other worker populations, airport workers in this group showed higher compliance rate in HPD use. Chavalitsakulchai (1989) found that only 20% of the workers used HPDs in the presence of high noise. Other studies also found low compliance (30% to 50%) in HPD use (Abel, 1985; Lusk, 1995; Melamed, 1994) . In this study, continuous HPD use showed a clear preservative effect, as reflected by the significantly lower prevalence of hearing loss in the continuous HPD users. Based on technical and economical reasons, hearing protectors usually are considered to be the most reasonable solution among methods for reducing noise exposure levels (Sataloff, 1993) . Therefore, all noise exposed workers should use HPDs properly during work in noisy areas. Failure to comply with this rule would result in unnecessary hearing loss, which was demonstrated by higher prevalence of hearing loss among the HPD non-users than the users .
In relation to the symptoms of hearing loss, tinnitus and fullness in the ears were the most common symptoms among workers with hearing loss in either low (0.5-2 kHz) or high (3-6 kHz) frequency. Although tinnitus is a distressing noise related symptom, investigations dealing with its relation to NIHL are relatively few (Alberti, 1987) . This study demonstrated that a relatively high percentage (42%) of the workers with hearing loss complained of tinnitus. This corroborates the observation of several investigations which reported a high association between tinnitus and hearing loss caused by noise (Axelsson, 1985; Kamal, 1989; Neuberger, 1992) . Considering this association of hearing loss and tinnitus, assessment of tinnitus needs to be performed during periodic health examinations along with the audiometric test for noise exposed workers. FEBRUARY 1998, VOL. 46, NO.2 In particular, for workers with low frequency hearing loss, difficulty with communication was the major symptom. These workers will likely experience difficulty in understanding speech delivered at a low volume. Hearing loss at the low frequencies is a serious concern because it may not be noticed by the worker early on. This may contribute to a social handicap and loss of self esteem as a result of reduced communication ability (Helper, 1984; NIH, 1990) .
CONCLUSION
In.this study, a significant portion of airport workers exposed to excessive noise had high frequency hearing losses. Comparison of the prevalence of NIHL in the noise group to those workers who were not exposed to high levels of occupational noise showed significant differences between the two groups, suggesting noise exposure was a significant factor. The degree of hearing loss found among these workers is not as severe as has been reported in some other occupational groups. Certainly not all airport workers exposed to >85 dBA have hearing loss. However,based on the prevalence of hearing loss, the problem of hearing loss among airport workers is serious enough to warrant attention and preventive action. Occupational and environmental health nurses in airport workplaces need to stress the importance of effective hearing conservation practices both on and off the job by educating workers about the use of HPDs.
The results of this study reveal the importance of the audiometric screening of at risk workers for early detection of hearing loss. The study identified several common symptoms of hearing loss. Nurses should assess those hearing related symptoms for the noise exposed employees during the periodic audiometric test.
This study demonstrated that the continuous use of HPDs significantly reduces hearing loss in the noise exposed workers. Along with an ongoing educational program, proper supervision and reinforcement are needed to promote the use of hearing protectors for reducing hearing loss in airport workers. Nurses can provide appropriate serial intervention to encourage use of HPDs.
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During periodic physical examination, assessment of noise related symptoms should be performed along with the audiometric test.
Occupational and environmental health nurses in airport workplaces need to promote workers' hearing protection behavior by providing appropriate intervention programs.
Along with an ongoing educational program, proper supervision and reinforcement are needed to promote the use of hearing protectors for reducing hearing loss in airport workers.
